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ABSTRACT  
   
Digital Fabrication has played a pivotal role in Providing 
reality to industrial designers' ideas since its first commercial use 
in late 80’s. Making the final prototype of a design project has 
been the initial assumed use for these technologies in the design 
process. However, new technology advances in this area offer 
further opportunities for designers. In this research these 
opportunities have been carefully explored. This research will be 
conceptualized through discussing the findings of a case study 
and theories in the areas of Industrial Design methodology, 
digital fabrication, and design pedagogy. Considering the span of 
digital fabrication capabilities, this research intends to look into 
the design-fabrication relation from a methodology perspective 
and attempts to answer the question of how the digital 
fabrication methods can be integrated into the Industrial Design 
process to increase the tangibility of the design process in very 
first steps. It will be argued that the above is achievable in 
certain design topics - i.e. those with known components but 
unknown architecture. This will be studied through the 
development of series of hypothetical design processes 
emphasizing the role of digital fabrication as an ideation tool 
rather than a presentation tool. In this case study, two differing 
  ii 
processes have been developed and given to Industrial Design 
students to design specific power tools. One of them is 
developed based on the precedence of digital fabrication. Then 
the outcome of the two processes is compared and evaluated. 
This research will introduce the advantages of using the digital 
fabrication techniques as a powerful ideation tool, which 
overcomes the imagination problems in many of complicated 
design topics. More importantly, this study suggests the criteria 
of selecting the proposed design methodology.  It is hoped that 
these findings along with the advances in the area of additive 
and subtractive fabrication will assist industrial designers to 
create unique methodologies to deal with complicated needs 
both in practice and design education.  
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Chapter 1 
INTRODUCTION 
 
Technology advances in the domain of digital fabrication 
will make possible the extensive integration of digital fabricators 
and traditional design tools. Newer materials, greater demand, 
and less expensive evaluation parts encourage the emergence of 
desktop, inexpensive rapid prototyping machines. Today, various 
digital fabricators are making their way into design schools and 
offices, gradually becoming part of a designers’ daily tool set for 
developing and presenting ideas. The primary advantage of this 
technology for designers and inventors is to facilitate making 
final design proposals faster. Nevertheless, the rapidly advancing 
capabilities of these machines will lead to unique opportunities 
for design use and inspiration.  
 
PROBLEM STATEMENT 
 
In the world of art and design, creativity is conceptualized 
by the generation of ideas and the fabrication of those ideas into 
objects for reflection and evaluation. Painters generate sketches 
as products of their creative process, exploring the possibilities 
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of composition in the form of pencil drawings prior to a finalized 
painting. Architects explore many design possibilities through 
design sketching, hard-line drawings, physical models, and 
manufacturing artifacts for the exploration of diverse ideas. 
Today, many architects use digital design to manufacture shape 
and space including advanced technologies such as generative 
modeling methods with parametric modeling and CAD scripting 
(Sass & Oxman, 2006). Industrial designers traditionally 
generate variety of ideas in the form of sketches to better 
narrow down possible solutions of a problem statement.  
Throughout the design history, many efforts have been 
implemented to facilitate the idea generation process. Previous 
literatures introduce a variety of endeavors ranging from 
creative methodologies to the high-end technological 
innovations. “Inkling” or “Cintiq” are true examples of this 
evolution (These are innovative hardware designed to facilitate 
sketching process and digitizing sketches). 
From a technology-methodology perspective, there are still 
innovative technological advances as well as challenges in the 
application of design methodology in certain circumstances, 
which could be bridged together. Digital Fabrication (DF) 
technologies, and specifically Rapid Prototyping (RP), appear to 
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have the potential to be integrated into the creative design 
process as they offer the possibility of making intangible artifacts 
into existence where the mind can only imagine. 
 
This study intends to answer the question of how to 
formulate specific key aspects of the product design 
methodology by integrating RP’s capabilities in process of 
fabricating tangible solutions as a part of the creative design 
process. 
It then attempts to find those attributes of a design topic 
that qualifies The “Digital Modeling Fabrication” (DMF) to be used 
in a design project.   
 
CONCEPTUAL FRAMEWORK  
 
The following conceptual framework shows how the 
integration of digital fabrication and design process can 
encourage further opportunities for generating creative ideas in 
the context of product design. The proposed methodology would 
allow better concept communication as well as real 
understanding of form, function, human factors and more rather 
than virtual imagination in older forms. 
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Figure 1. Conceptual Framework 
 
RESEARCH OBJECTIVES 
 
This thesis introduces a methodology to help better solve 
industrial design problems with less effort and greater efficiency 
than traditional methods. The purpose is to be able to present 
highly innovative solutions both in the context of form and 
function, while involved with higher level of complexity. The 
author believes this could be achieved by the incorporation of 
recent fulfillments in the area of rapid prototyping into the 
design methodology. This research intends to explore an 
extensive use for the mentioned methodology through the 
application of theory used in engineering and management. 
Finally, the outcome will be incorporated into an academic 
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project to evaluate the effectiveness of the process within certain 
parameters.  
   
METHODOLOGY / RESEARCH DESIGN 
 
Assessing the effectiveness of a methodology requires 
sensitive “qualitative” approaches as well as “quantitative” 
measurements. The methodologies considered in this study 
include literature review in addition to a case study. 
Through analysis and the application of prior literature in 
the domain of industrial design, digital fabrication, and system 
engineering, a hypothesis is developed. A case study is then 
conducted using observation method to validate some aspects of 
the presented theory. The results of the case study are then 
analyzed using qualitative and quantitative methods. 
 
SIGNIFICANCE / JUSTIFICATION 
 
Designers always attempt to rationalize what they design. 
Making study models, mock ups and test prototypes are among 
the approaches implemented to validate the utility of a design in 
a research process (Sachse, 2004). These methods are 
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considered post-design evaluation methods. By the time a 
prototype is brought to a focus group session, many decisions 
have already been made. In other words, in a typical design 
process, critical decisions are made on the paper. Integration of 
micro design decisions shapes a product. What make this 
process possible are the skill and the level of experience of the 
designer to compile final components of a product. The 
complexity of design topics, however, makes it less feasible for 
designers to be able to successfully compile components of a 
product system when the variety of possible solutions increases.  
From the other hand, designers are sometimes limited by 
their skills or several other parameters (Sachse, 2004). This 
attitude results in over simplification of the outcome which is an 
undesired happening. Combining limitation and complexity, 
makes it more necessary to have higher level of flexibility in the 
creative process of product design. 
 
SCOPE AND LIMITATIONS 
 
Dividing design topics by level of innovation, most of the 
projects are considered to be either a “new product 
development” or a “redesign”. In the real world of design, this 
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typology appears to be a range, from design to redesign, rather 
than a black and white differentiation.  
The main emphasis of this study goes toward the 
innovative side of the mentioned range. This reasoning is mainly 
due to the existence of uncertainty within the non-redesign 
projects.  
Although the problem statement covers a variety of design 
briefs within the design process, this thesis intends to explore 
these differing possibilities and propose theoretical solutions for 
projects with a high level of complexity. Due to the time 
limitation of this study in evaluating this theory, not all possible 
circumstances can be studied. Thus, the case study presented in 
chapter Four only attempts to simulate the proposed theory and 
it is not intended to discuss a definitive proof for the theory as it 
requires further research within a larger time frame.  
 
CHAPTER CONCLUSION 
 
This chapter presents a foundation for the rest of this 
study. It introduces the issue of complexity in product design 
process, possible usage of digital fabricators to facilitate this 
issue, the methods used to conduct the study, and the research 
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questions that will need to be answered. It also discusses the 
objectives and limitations of the study. The next chapters 
discuss the methodologies and results of the study in more 
depth. 
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Chapter 2 
DEFINITIONS AND RELEVANT LITERATURE 
 
 INTRODUCTION 
 
This chapter highlights prior research that explores themes 
similar to those of this research. First, a research on additive and 
subtractive fabrication methods and materials, as a basis for the 
new proposed theory of this research, is conducted. Second, an 
investigation on the differing approaches in product design 
process is implemented. This chapter intends to focus on the 
intersection of these topics to be able to better theorize the 
integration of the design process and digital fabrication.   
 
RAPID PROTOTYPING 
 
In the recent past rapid prototyping has become an 
integral part of the design process. This includes product 
development and manufacturing cycle in assessing the form, fit 
and functionality of a design before significant investment in 
tooling is made. Until recently, having a professional prototype 
has been an issue. They were largely hand made by skilled 
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craftsmen and due to this, weeks and months were added to the 
product development process (Pham & Gault, 1999). 
That said, only a few design iterations could be made 
before tooling went into production, resulting in parts, which at 
best were seldom optimized and at worst did not function 
properly. This early issue was pushed to develop a process that 
could produce physical components quickly and without the need 
for tooling (Upcraft and Fletcher, 2003). With the emergence of 
three-dimensional computer aided design (CAD) in the early 
1980s, the goal of having free form fabrication in a short time 
became a reality. RP systems began to appear in the USA in the 
late 1980s and from that time the USA has been dominant in 
this area. Japan, Germany, Russia, China and Israel have 
developed other systems as well (Upcraft and Fletcher, 2003). 
According to Griffiths (1993), RP is a powerful communication 
tool that bridges design, marketing, process planning and 
manufacturing, which can facilitate the implementation of 
concurrent engineering. 
 
 
 
  11 
WHAT IS RP? 
 
Rapid Prototyping is defined as a term that stands for a 
variety of new technologies to manufacture precise parts directly 
from CAD models in a shorter time frame with a minimum of 
human involvement in its production (Gaut, 1997). This 
technology enables designers to make tangible models of their 
ideas with ease and repeatability. This helps designers evaluate 
the assembly and function of a design with a physical prototype. 
As a result, errors, development costs, and time are reduced 
accordingly. Waterman (1994) asserts that RP can cut down new 
production costs up to 70% and the time to market by 90%. 
RP technologies are divided into those involving the 
addition of material and those involving its removal (Pham and 
Gaut, 1997). Kruth (1991) divided the material accretion 
technologies by the condition of material before part production. 
The liquid-based technologies may entail the solidification of a 
resin on contact with a laser, the solidification of an electro 
setting fluid, or the melting and subsequent solidification of the 
prototype material. The process uses a powder compound with 
either a laser or by the selective application of binding agents. 
  12 
Procedures using solid sheets may be categorized according to 
the laser or adhesive which bonds them. 
There are currently 28 manufacturers worldwide offering a 
total of more than 56 different RP systems to meet the diverse 
demands of end-users. The RP process chain is presented in 
Figure 2. Detailed descriptions of RP techniques can be found in 
literature (Cheah et al, 2004). 
 
Figure 2. Design Process by Cheah et al, (2004) 
 
The starting point for RP process is a 3D solid CAD model. 
A designer uses a CAD modeling software to prepare a file, and 
then in the next step will export that file to the STL format which  
is necessary since the STL file is the current industry standard 
for facetted models. According to the Upcraft and Fletcher 
(2003), there are various inputs other than CAD data, which 
create RP components such as an MRI and CAT scan. An 
additional input method is Point Cloud Data Generated by 
engineering scanning or digitizing systems. All of these sources 
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will reformat into an STL file and sliced horizontally. This is a 
triangulated 3d file format that is acceptable to all 3d input and 
output systems. Each RP technique has its own advantages and 
disadvantages and it is the designer’s responsibility to select the 
correct process according their needs. In some RP techniques 
supports are vital to brace any overhangs (Figure 3). Then the 
model will slice and the slices will sent to an RP machine for 
production. Normally, the data slices are in an X and Y plane and 
the part will be built in Z direction (Pham and Gault, 1997). 
 
 
Figure 3 -Support area in a fan blade made by an SLA machine 
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Upcaraft and Fletcher (2003) classify the use of RP into 4 
parts, these parts are: 
 
Concept models 
 
Many compound parts are made more rapidly with less 
cost utilizing RP technologies compared to conventional 
manufacturing methods. As a result, designer can check the 
models at an early design phase and make alteration before 
tooling and production manufacturing. An RP part is usable by 
many interested parties. For instance, an RP part can be used as 
a proposed design in marketing focus group for eliciting feedback 
from customers. This same RP prototype can become the basis 
of a manufacturing plan for by the production team in their own 
product lifecycle interests. 
 
Functional or semi-functional components 
 
RP parts utilizing a variety of RP technology processes can 
be produced constructed directly as a fully functional part or 
even assembly. Currently most RP procedures make semi-
functional components; they do not use tolerable materials for 
use in a final appliance. These semi-functional components are 
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used for easy assembly evaluation and performance tests that 
do not rely on material but on the components geometry. 
 
Master patterns 
 
Sometimes RP parts have the role of manufacturing 
tooling. As an example they are produced as silicon rubber in the 
role of functional parts by vacuum molding or reaction injection 
molding. A one-off pattern is another usage of RP parts as 
casting molds. In this effort, the RP parts are destroyed during 
the casting procedure. Additionally, RP parts can be the part 
master for use in sand casting foundries. 
 
Direct tooling 
 
For some purposes, like soft tooling is used for small 
production quantities, the many RP processes function as a 
production tooling method. Injection mold tooling in RP systems 
can be made from polymers, which allow up to hundreds of shots 
to be produced. Also, “Hard” or “Volume” production can be 
made utilizing RP technologies. As an example, “injection mold 
tooling can be made directly in a metal composite that allows 
over one million shots.” 
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RP SYSTEMS 
 
Palm and Gault (1997) classify RP techniques according to 
the material to have been used including processes involving a 
liquid or discrete particles or technologies which use a solid or a 
material removal technology such as desktop milling (DM). 
A survey identified a variety of RP manufacturing 
approaches, below; you can see RP systems listed in that study 
(Upcraft and Fletcher, 2003). 
 
RP systems listed: 
3DP  Three-Dimensional Printing 
3DWM Three-Dimensional Welding and Milling 
BPM  Ballistical Particle Manufacture 
CAM-LEM Computer Aided Manufacturing – Laminated 
Engineering Materials 
CC  Contour Crafting 
CLOM Curved Laminated Object Manufacturing 
DLP  Direct Light Production 
DLMS  Direct Laser Metal Sintering 
ECLD-SFF Electrochemical Liquid Deposition for Solid 
Freeform Fabrication 
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EDSSM Extrusion and Deposition of Semi-Solid Metals 
EFF  Extrusion Free Forming 
EPDFF Electro Photographic Powder Deposition for 
Freeform Fabrication 
FDC  Fused Deposition of Ceramics 
FDM  Fused Deposition Modeling 
FDMet Fused Deposition of Metals 
FFF  Fast Freeform Fabrication 
FI  Fast Inkjet 
GMAW Gas Metal Arc Welding 
LCRHLS Local Chemical Reaction Heat by Laser 
Scanning 
LCVD  Laser Chemical Vapor Deposition 
LDM  Laser Diode Manufacturing 
LENS  Laser Engineered Net Shape 
LM  Layered Manufacture 
LML  Laser Micro Chemical Lathe 
LOM  Laminated Object Manufacturing 
M2SLS Multi Material Selective Laser Sintering 
Meso SDM Mesoscopic Shape Deposition Manufacturing 
Mold SDM Mold Shape Deposition Manufacturing 
PLD  Pulsed Laser Deposition 
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PPD  Point Wise Powder Deposition 
RFP  Rapid Freeze Prototyping 
RBC  Rob Casting 
RPBPS Rapid Pattern Based Powder Sintering 
RSLA  Refrigerative Stereo Lithography 
SALD  Selective Area Laser Deposition 
SADVI Selective Area Laser Deposition and Vapor 
Infiltration 
SGC  Solid Ground Curing 
SLA  Stereo Lithography 
SLPR  Selective Laser Powder Re-melting 
 
SELECTION OF RP PROCESS 
 
The flowing tables contrast the main features of different 
RP systems analyzed by Pham and Gault (1997). 
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Table 1. Features of rapid prototyping processes (commercial) by Pham & 
Gault (2003) 
 
 
Table 2. Features of rapid prototyping processes (non-commercial) by Pham 
& Gault (2003) 
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PERSONALIZED FABRICATION 
 
 A revolution in manufacturing may be coming sooner than 
we expect, and it could change the role of industrial design 
dramatically (Morris, 2011). According to Melone (2009), if one 
were to synthesize a definition of a "personal fabricator" from its 
origins, it might be "a small, simple, affordable machine capable 
of producing complete products automatically from computer 
data and raw materials." In other words personal fabrication 
allows people to design a product, make 3D model of it using 
CAD software and finally fabricate it at home, just as one can 
print out a color document today. According to Betts (2011), fifty 
years ago, printing was the equivalent with giant machines such 
as Heidelberg. But these days they have been replaced by the 
personal desktop printers and these small printers have become 
one of utilitarian devices in every office and home. 
Of notable concern is the revolution of the industrial vision 
into a local, customized production method in the same way 
desktop printers are being implemented everywhere. Early 
efforts of Fritz Prinz et al. at Carnegie-Mellon University in 1994, 
was a union of “multiple additive methods and subtractive 
processes into a single automated system capable of producing 
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complete, custom products - not merely mechanical parts, but 
fully integrated parts and systems, including mechanisms and 
embedded electronics”. The suggestion of the expansion of a 
large consumer market within the next 10 years in “personal 
fabrication system” has been proposed by Marshall Burnes 
(1997) founder and president of the Ennex Corp. Lately, Neil 
Gershenfeld from MIT has been reformed, generalized, and 
spread this subject matter in a book named: The Coming 
Revolution on Your Desktop - From Personal Computers to 
Personal Fabrication.  
Greshenfeld and the Center for Bits and Atoms at MIT have 
bridged different technologies together in a fabrication 
laboratory or “Fab Lab”. They make a wide variety of products 
out of sheet metal, plastic, and printed circuit boards. 
(Gershenfeld, 2005). According to Greshenfeld, it is completely 
feasible to have a desktop manufacturing machine in each home 
utilizing inexpensive technology and more compact devices in 
near future. Teaching people how to use digital manufacturing 
technologies and make them user-friendlier will improve 
creativity, design and innovation, argues Ed Alves, a technical 
manager at Metropolitan Works. He is not sure about how many 
people will actually need a fabrication technology: “I don’t see 
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digital personal fabrication as the future, I am one of the few 
people in rapid prototyping who says that.” Betts says. “I don’t 
see a need for things like 3D printers to become ubiquitous, 
people’s lives are cluttered enough already. And even if it does 
happen, it is probably 20 years away – the technology is still too 
unfriendly tends to be fairly expensive, though there are a few 
people using rapid prototyping for short runs. Where I see it 
headed is mass customization, for instance Clark’s shoe-shops 
already have3D scanners for your feet. I think the technology 
will become ubiquitous among trades people, for example a 
plumber could print a u-bend or an electrician a conduit, but it 
will mostly be in the hands of professionals. There will be 
personal fabrication for the serious hobbyist, but that is a small 
percentage“(Betts, 2011).  
 
APPLICATION OF DIGITAL FABRICATION IN DESIGN 
PROCESS 
 
Physical modeling is a way through which designers realize 
mental concepts (Cuff, 1992). As Sass (2005) says, as a design 
representational medium, the model making process can lead to 
new forms beyond the original concept. Computer model making 
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has been a good interface between design ideas and product 
manufacturers; it also gives you the capability of making 
surfaces with any complexity. The process of making models has 
been very time consuming and it is the most complex part of the 
design process. Rapid prototyping (RP) today is a fully accepted 
process applied into practice and it is being recognized as 
significant technology advancement for design (Sass, 2005). 
From the time design schools began to use RP technologies, the 
interface between design ideas and producers has centered on 
the true nature of the design process. According to Sass (2005), 
beyond the design-related and material-representational benefits 
of RP, in the overall design and fabrication process, there also 
appear to be significant pedagogical benefits to be derived from 
these technologies. 
Creative fields are characterized by the generation and 
manufacture of objects for reflection and evaluation (Schon, 
1983). As, the product of painter’s creativities are their pencil 
sketching or oil paintings, The designer’s tool for these purposes 
is their sketching, hard-line drawing, physical models and 
manufacturing artifacts for the exploration of diverse ideas 
(Sass, 2005). Today many designers use digital design to 
demonstrate their ideas. Laury Sass (2005) attempts to 
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formulate certain key aspects of the design methodological 
framework that are coalescing with RP’s capability to build 
artifacts as part of the creative design process. She concentrates 
on emphases of conceptual stage materialization through RP and 
construction information modeling. This demonstrates a process 
of design situated between conceptual design and real-world 
construction (Sass, 2005). In addition, RP may be used for 
finalized design presentation or to study complex forms as 
physical artifacts. She noted, RP-based digital design and digital 
fabrication defines the characteristics of both fields and the 
advantages that come from the integration of the two areas. On 
the other hand, Simodetti (2002) offered small-scale to full-scale 
manufacturing via RP accompanied CAD-CAM methods of 
production. He illustrated the influence and advantage of full-
scale mock ups within functional revelations and visual aspects 
through the cognitive development of design. 
 
GENERATIVE MODELING METHOD 
 
Generative modeling is another method to model and 
manufacture using RP devices which was facilitated by the use of 
the functions within 3D software. According to Sass (2005), this 
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method builds solid geometry as 3D objects based on parametric 
constraints. One such approach to generative modeling and RP, 
combines shape grammars as an organizing principle for shapes 
with solid modeling, the resulting objects are manufactured as 
physical objects with stereo-lithography machines. Indeed, 
Generative methods emphasize on the ability to use less 
redesign time and shorten the production timeline. 
One of the weaknesses of this method is the technical 
limitation of access to solid modeling when programming within 
existing CAD programs. Another valuable trait of digital 
fabrication is its output quality. Usually these models have a high 
level of accuracy and the output will be equivalent to its 3d file. 
Because of this level of accuracy, the assembly process is faster 
and easier (Sass, 2005). Nevertheless, generating a usable 
scheme in CAD is a time consuming process and the designers 
challenge is to balance quality against time and they have to 
prioritize this according to the design situation. 
 
DIGITAL DESIGN AND DIGITAL FABRICATION 
 
According to Sass (2005), digital design as a method can 
be generically described as a constructed relationship between 
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information and forms of representation that support design in 
computational environments. Mostly, digital design is used for 
the representation and manipulation of complex form and space. 
According to her Digital Design as a method can be generically 
described as a constructed relationship between information and 
forms of representation that support design in computational 
environments. As we have seen, this may or may not include 
data regarding materialization or even construction data. 
Different methods of digital design are categorized by their task 
or by their comprehensiveness in the core-model approach. 
Digital Design Fabrication (DDF) is computer modeling applied to 
the design process from the early stage of design project, 
including materialization and up to, but not generally including, 
detailed project information modeling (Sass, 2005).  
 
ADVANTAGES OF DIGITAL FABRICATION 
 
Digital fabrication provides realistic opportunities for the 
representation, evolution and redesign of complicated forms. It 
extends learning in a digital design environment since the 
designer will be engaged with materials and machine processes 
similar to industrial production. According to the Sass (2005), it 
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may also be said that the use of these appliances and software 
will expand creative design beyond the early stages of design 
and support the continuity of design through its various stages. 
Design materialization also has advantages in design that 
supports the inception of knowledge and the learning of design 
procedural structures (Oxman, 1999, 2003). Another advantage 
is the development of knowledge of shape and future 
possibilities for real scale 1:1 fabrication (Khoshnevis, 2004).  
Khoshnevis emphasized on defining methods of working 
with RP in design process, which includes conceptualization, 
materialization, and fabrication design. Rapid Prototyping is 
becoming the most important tool for product designers. Using 
RP helps designers demonstrate a product’s functional and 
ergonomic make up. Sass (2005) noted that the next revolution 
for RP will be to combine the two ends of the spectrum of 
generative technologies those being software and machinery.  
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Chapter 3 
THE THEORY 
 
INTRODUCTION 
 
This chapter discusses the implications of product design 
methodology in conjunction with theories in industrial systems 
engineering and attempts to conceptualize a frame work which 
shows the way we can integrate design methodologies with high 
technology fabrication techniques through application of existing 
theory in systems engineering. 
In this chapter, a new product design methodology 
entitled: Digital Model Fabrication (DMF) will be introduced. This 
methodology benefits from the incorporation of affordable digital 
fabrication technology into the product design process. This will 
be followed by a product typology that intends to facilitate a 
better decision making when selecting or developing a product 
design methodology. At the end of this chapter, a 
comprehensive table is developed to better conceptualize the 
discussed theory. The table indicates a hypothetical approach in 
selecting which types of projects best suit the proposed RP 
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process and whether the new digital fabrication oriented design 
process is best. 
 
THEORY OF COMPLEXITY 
 
 
The differentiation between the notion of complex and 
complicated is considered a complicated issue per se (Rodriguez-
Toro et al, 2003). Our mind, naturally, tends to analyze 
problems by reductionism. In other words, we think about large 
notions by decomposing them into more simple components 
(Haghnevis, 2012). In the world of design, these simple 
components are to recompose them to shape an integrated 
product through the design process. Through the application of 
the theory of complexity in this research, it is intended to 
propose a comprehensive typology for possible modes of product 
design. With a close correspondence with engineering systems, 
product design could be broken down into four categories. These 
categories are conceptualized in the diagram below (figure 3). 
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Figure 4. Theoretical Framework  
 
These modes will then be used to form a theory trough, 
which the hypothetical digital fabrication oriented design process 
could be implemented. 
The above categories are considered useful in describing 
aesthetics and the function of a product system; however, cross 
combination of aesthetics and function is beyond the defined 
scope of this research. 
The first mode is named “simple”. As the name suggests, it 
refers to products with few to no visual and/or functional 
component. These products are distinguished among others by 
key words similar to predictable, minimal or pure. Products 
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featured below are both designed by Karim Rashid. They 
represent products that fall into this category.  
 
Figure 5. Chair by Karim Rashid 
 
Figure 6. Bottle by Karim Rashid 
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There are products that could be considered as chaos. 
Chaos is a system with no cause and effect relationship 
perceivable (Curtz, 2003). In contrast with simple products, 
chaos is made out of components. Nevertheless, the relationship 
between components is unknown or unpredictable. In the case of 
aesthetic, visual elements do not follow known aesthetics rules.  
Random movements, from the other hand, direct a functional 
design towards a chaotic situation. 
Colin Tury’s unorganized cabinet appears to be a good 
example of a chaotic design. Elinor Ericsson’s TubeMe chairs also 
features a chaotic approach in design (See figures 6 & 7). 
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Figure 7. Unorganized Cabinet by Colin Tury 
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Figure 8. TubeMe chairs by Elinor Ericsson 
 
Products with redundancy in components as well as 
established order with relationship between their components 
are considered complicated (Curtz, 2003). Again, products with 
either functional and/or aesthetic organized redundancy could be 
pronounced as complicated. As featured in the figure 4, order is 
a common attribute among simple, complicated and complex 
modes while only complicated and complex modes possess the 
attribute of redundancy. 
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What differentiates complex from and complicated product 
modes is the predictability of the relationship within the 
components of in a complicated product model. This, however, 
becomes ordered but unpredictable in complex systems. A car 
(Figure 8) is the best example of a complicated product. They 
are consisted of extensive number of components with 
predefined interaction.
 
Figure 9. Kia K5 (Optima) by Peter Schreyer 
 
 
Based on the complexity theory, in a complex system, 
cause and effect are only coherent in retrospect and do not 
repeat (Kurtz and Snowden, 2003). Complexity in design is 
generally considered in relation to component geometry where it 
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has been studied for its influence in many areas (Rodriguez-Toro 
et al, 2003). 
Therefore, application of identical findings or phenomena 
in a creative design process can lead to radically different 
interpretations and commensurately different products. 
In contrast with other modes discussed above, complex 
cannot be applied to an established product, rather, it is a mode 
in which, a complicated product could be designed 
On the other hand, the Theory of Complexity studies how 
patterns emerge through the interaction of many agents. 
Emergent patterns can be perceived but not predicted; this 
phenomenon is called retrospective coherence. (Kurtz and 
Snowden, 2003).  
This ultimately ends up emerging a pattern, which is 
recognizable but not predictable. Based on the theory of 
complexity, in the same system, patterns are not necessarily 
identical over time.  
The below picture (Figure 9) shows a flock of birds which is 
a well-known example for emergence of visual patterns in a 
complex phenomenon. Although this is very abstract, it could be 
incorporated in design theory to describe the many unexplained 
circumstances of the design process. 
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Figure 10. Emergence of Pattern in A Bird Flock 
 
From design perspective, the pattern finding could have 
the same meaning as ideation, creativity and solving design 
problems. 
 
COMPONENT COMPLEXITY 
 
Complexity, basically, becomes important when the 
possibility for emergence increases. Component complexity 
includes those aspects of the design that relate directly to each 
component and are not directly affected by the entire system of 
product (Rodriguez-Toro et al, 2003). Component complexity 
could be addressed from two differing perspectives:  
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 Macro 
 Micro 
Macro components are basically elements of a design 
project, while micro components are mostly tangible elements of 
a product per se. In other words, macro component are those 
steps of a design process (methodology) that a designer goes 
through to fulfill a design problem. The following are some 
examples of macro component complexity: 
 Manufacturing complexity 
 Process complexity 
 Human factors complexity 
 Scale complexity 
 Assembly complexity 
Micro component complexity is beyond the scope of this 
study, as it does not necessarily result in a complex product 
system rather it makes for a complicated one. 
Now the question is: how can we benefit from emergence 
of new patterns in a complex product? Obviously, there is no 
single answer to this question; however, avoiding component 
complexity would be a great achievement.   
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THEORY OF AFFORDANCE 
 
Popularization of the term affordance in design field is 
beholden by Donald Norman in his book, The Design of Everyday 
Things. Norman defines affordance term of a chair “is for” as 
support, which means a chair affords sitting (Norman 2002). If 
we assume that digital fabrication is a mean that “is for” 
manufacturing models with softer faces than a less instructive 
influence is expected from its affordance. At the time Norman 
first wrote about affordance in his book, computers were not 
everyday things. After that he criticized the general misuse of 
affordance in digital products. By describing the division between 
perceived affordances, real affordances, and conventions of use 
he goes on to explain affordance more (Norman, 2002).  
Perceived affordances are subjective considerations, 
ability, and perceptions of the consumer, as real affordances are 
the more objective features of a given items, instrument, or 
object. The real affordances are linked with limits and the 
conventions of use or those styles developed by association of 
practice. The often use of affordance addresses the conventions 
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and constraints, he claims (Norman, 1999). In view of the fact 
that real affordances develop from tangible products, he 
suggests that most illustration based screen feedback is 
established upon conventions.  
According to Norman, 
“Actions are abstract and arbitrary compared to the real, 
physical manipulation of objects, which is where the power of 
real and perceived affordances lies. Today’s design often lies in 
the virtual world, where depiction stands for reality.... 
Personally, I believe that our reliance on abstract 
representations and actions is a mistake and that people would 
be better served if we would return to control through physical 
objects” (Norman, 2002). 
This is particularly illuminating and ironic in the case of 
digital fabrication. Although controlled through digital software, 
digital fabrication tools have very real physical affordances and 
very rigid constraints. The irony is, however, that because digital 
fabrication tools are controlled from screen-based software, 
conventions of use that are quickly forming a limit to the 
potential actions of the individual. Norman also makes clear that 
once social conventions are established; they cannot be so 
readily changed (Norman, 2002). 
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Conventions of use in digital fabrication have already 
formed that instrumentalize these tools as printers of form 
without engaging material as a medium in itself. These 
conventions of use amplify the tendency in digital design to 
output to material at the end stage of design, rather than the 
preparatory and evaluative role of digital fabrication as material 
feedback into the design process. My initial motivation in 
pursuing digital fabrication develops from a particular image of 
practice that is engaged with fabrication and material 
experience. No doubt digital fabrication has a noticeable impact 
on design form, but my larger interest is the form of practice 
these tools enable. In this sense, my intentions are not only 
pedagogical, but also political (Cabrinha, 2010). Digital 
fabrication can afford the personal fabrication and I assume it 
would be a revolutionary substitute for the mass production. I 
believe this would be a more democratic approach that changes 
the lifestyle imposed by the mass production attitude, which is 
directly proposed, and patronage by capitalism. 
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INTEGRATION OF DIGITAL FABRICATION AND DESIGN 
METHODOLOGY 
 
 
Final presentation and prototyping was the preliminary use 
of digital fabrication methods in design process however, recent 
advancements in this area has made it an affordable desktop 
element of every design office. Since a physical artifact enables 
designer to be exposed to unlimited perspectives and 
combinations, it becomes a beneficial substitute traditional 
ideation tools. Because, based on the complexity theory 
discussed earlier in this chapter, the only provision required for a 
complex system to be moved toward emergence of a 
recognizable pattern, is to be exposed to unlimited 
configurations. An RP sketch model would definitely offer this 
new and valuable capability to the design process.  From the 
other hand, affordance of the technology makes it more feasible 
for the suggested use. 
In addition to the ideation use, the new tool helps designer 
learn more details and obtain more reliable evaluation data 
during the research phase due to providing tangible media as a 
research tool.  
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DMF QUALIFICATION HYPOTHESIS 
 
The main question still remains to be answered is: What 
design topics are qualified to be pursued through DMF? By the 
incorporation of an inductive ratiocination, two factors can 
characterize this argument: Based on the implications of 
complexity discussed earlier, component complexity and 
redundancy are needed to be present for an ordered pattern to 
emerge. Since a complex system cannot have a single 
component, the presumed provision for a topic to be qualified for 
DMF would be: “having more than two macro component with 
redundancy. Figure 10 below demonstrates the configuration of 
possibilities in product typology as an assessment guide for 
methodology selection. 
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Figure 11. Methodology Selection Guide 
 
CHAPTER CONCLUSION 
 
This chapter explores the possibilities to integrate digital 
fabrication technology with product design methodology through 
applying implications of the complexity theory. It has been 
attempted to conceptualize a new approach entitled “Digital 
Model Fabrication” (DMF) which is assumed to be an 
advantageous way of solving design problems with higher level 
of complexity. The next chapter will examine the impacts of the 
before mentioned methodology on results of two select projects 
through two case studies. 
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Chapter 4 
METHODOLOGY 
 
OVERVIEW 
 
The initial phase of this study focus on developing a digital 
fabrication oriented methodology through applying current 
theory in the domain of product design methodology and utilizing 
digital fabrication techniques. This methodology emphasizes on 
the precedence of digital fabricated 3-D sketches in the design 
process (see figures 11 & 12). Incorporating the mentioned 
design process, a hypothesis is developed which is discussed 
next. 
 
Figure 12. Digital Fabrication Oriented Design Process 
 
Figure 13. Traditional Design Process 
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The above diagram (Figure 12) illustrates the proposed 
design methodology (DMF). The new methodology emphasizes 
on precedence of 3D physical sketching as a substitute for the 
traditional 2D sketching. In this methodology, 3D ideas emerge 
through the use of 3D digital modeling and rapid prototyping. In 
other words, The primary ideation and brainstorming will be 
directly translated into 3D physical models. A 2D sketching 
method using an under-lied 3D sketch will then be used to 
modify the primary 3D concepts. The ideation process in this 
methodology is moderated through two levels of evaluation, in 
each, users are asked to experience the new product and reflect 
their feedback. 
The next phase is to evaluate the effectiveness of the 
process through conducting two case studies. Each case study 
investigates different opportunities and challenges. The goal of 
the case study is to compare and evaluate the new proposed 
design methodology against the traditional one through 
investigating two projects with identical subjects but different 
processes. 
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DATA SOURCE 
 
This case study is based on the results of projects 
implemented by two junior industrial design students at Arizona 
State University. Both projects address identical problem while 
each incorporates different design methodology. 
 
 
Figure 14. Activity sequence (Design Process) created for Junior Design 
Students 
 
The above diagram illustrates the process used by those 
following the traditional approach. This approach is used by the 
student implementing the “Case B”. The other designer who 
implemented the “Case A” employed the “DMF” process instead. 
It shares many steps with the above process except ideation and 
design development steps. 
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HYPOTHESIS 
 
It is assumed that the process number one (Figure 11) 
helps the designer solve the problem more effectively if the case 
has complexity. According to the relevant literature in the 
domain of Industrial Design Methodology as well as 
interpretations in theory chapter, digital fabrication could offer a 
significant flexibility to design projects with complexity of 
components through increasing the chance of an unpredictable 
emergence. The emergence is closely similar to creativity and 
would result in variety of solutions. 
 
CASE STUDY 
 
The main objectives of this case study are to analyze the design 
process used by two junior Industrial Design students and compare their 
outcome. Both have worked on the same product, however, they were to 
use two differing approaches similar to those explained in previous 
chapter and were supposed to have their own interpretation for the 
potential improvements.  
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The product is a metal shear that cuts through different gauges 
and alloys of sheet metal. It is used to cut straight or irregular lines/holes 
on various materials in sheet form. The most typical applied material 
would be sheet metal. The blades oscillate and mirror the mechanics of a 
pair of scissors. 
In the current case study two projects have been reviewed. “Case 
A” benefits from the new process (figure 11), however, both share the 
two first phases, which are research and brainstorming. “Case B” on the 
other hand, employs the traditional design methodology which requires 2-
D sketching as the ideation technique which, requires the translation of 
concepts from 2-D to 3-D. The purpose for implementing the shared 
research phase is to discover potential shortcomings through research and 
suggest areas of improvement to be used in the next phases (Figure 14).  
 
Figure 15. Shared Activities in Both Cases 
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CASE “A” 
 
This project benefits from the new methodology, which 
allows the designer use digital modeling and rapid prototyping as 
a substitute to the traditional ideation tools. The student was to 
explore potential improvements based on the initial research 
phase and develop two primary ideas through digital fabrication 
technique. No limitation was imposed to any concepts at this 
stage. A 3D surface modeling program called Rhinoceros was 
used for the student to conceptualize the product shape in a 
short period of time, but shelling the parts was a challenge with 
that program to create a solid model for 3D printing.   
Figures 15 & 16 show how primary fabricated concepts 
address initial objectives of the project.  
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Figure 16. Improvement Opportunities 
 
The primary 3-D sketches are then converted to white 
physical rapid prototyped models. In this case a Z-Printer is used 
to fabricate concepts, as the machine is known to be very fast 
and cost efficient. 
These physical models are then used to conduct an 
interview with users. It enables users to touch the primary 
versions of the product and share their opinions with the 
designer.   
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Figure 17. 3-D Sketch Model 
 
Inputs gained through the interview are then applied to 
primary concepts in the next step. This step is to apply user 
inputs. These implementations took place in various ways 
namely: human factors, aesthetics, function, usability, safety, 
performance and sustainability. 
The experience of design development in the DMF method 
appears to be exciting! It is very much similar to a redesign 
process as a designer manipulates existing objects. Figure 17 
illustrates the process of implementing the new aesthetics based 
on the 3-D sketch. 
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Figure 18. 2-D Development on a 3-D sketch 
 
 As it is illustrated in the above picture, the rapid prototype 
helps maintain the proportion of the original concept using the 
image of the prototype in a digital sketching process. In this 
case the final appearance is adjusted based on users’ inputs in 
the way that a more fluid design language replaced a muscle 
care inspired ridged style. Based on the results of the study, a 
smoother design increases the sense of precision. 
Human factors were among the highest priorities of this 
case. The actual model of the primary concept dramatically 
helped understand ergonomic issues of the innovative concept. 
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This is what mostly happens during a redesign project. Figure 18 
below shows the angle issue of the first concept that needed to 
be improved. 
 
 
Figure 19. Lessons Learned from 3-D Sketch (Angle Correction) 
As well, the following pictures 19 & 20 feature further 
areas of improvement from human factors perspective:  
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Figure 20. Learned from 3-D Sketch (Product Configuration) 
 
Figure 21. from 3-D Sketch (Product Configuration) 
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Playing with 3-D printed functional parts also brings up the 
opportunity to discover alternative ways of functionality. Finding 
a way to reduce the number of moving parts of the shear was 
among the achievements of this procedure as moving and 
testing the real scale parts showed that two sets of parts are 
doing one job. 
 
 
Figure 22. from 3-D Sketch (Mechanical Simplification) 
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Figure 23. from 3-D Sketch (Mechanical and Ergonomic improvement) 
 
 
Figure 24. Final Product (Case A) 
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Figure 23 above illustrates the final product designed 
through DMF. Overall characteristics of this design includes: 
dynamic aesthetics elements, redundancy in functional and 
appearance parts, good product-user interaction, high priority 
ergonomics and many more. 
 
 
 
 
 
 
CASE “B” 
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Figure 25. 2-D Sketch & 3-D Mock up (Case B) 
 
In contrast with “Case A”, “Case B” follows the traditional 
design process. Again, the ideation and design development are 
the key areas implemented differently compared to “Case A”. 
This has caused the outcome to be extremely different from the 
“case A”.  
The process is formed upon the application of inspirational 
metaphors. More than 100 sketches before conducting the initial 
research shaped the creativity foundations. This was followed by 
a primary evaluation and a study model from the preferred 
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sketch from the evaluation. A handmade model of the selected 
concept was then created out of blue foam using known 
subtractive techniques. This is what was used for a secondary 
evaluation, nevertheless; the concept was rejected based on the 
users’ inputs.  
 
Figure 26. 2-D Ideation - Phase One (Case B) 
 
 
 
Figure 27. 2-D Ideation - Phase Two (Case B) 
Apparently, it is very hard to communicate 2-D sketches 
driven from one or more metaphors with users. Their reaction to 
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concept changed when they experience the study model. This led 
to uncertainty in concept evaluation in this case. 
 
 
Figure 28. Study Model - Phase Two (Case B) 
 
 
As the result, the designer ended up developing the third 
concept, which employs a totally different technique for cutting 
sheet metal (figure 28). The final concept functions similar to a 
plasma cutter. It consumes water as the main fuel, bakes it up 
into hydrogen and oxygen, which can be ignited. Aesthetically, it 
is elegant and minimal but very conservative. Overall, it shows 
series of human factors, safety, performance and functional 
problems. The overall process took longer time. Compared to the 
“Case A” it had more but shorter steps and final concept did not 
go through any secondary evaluation or development process.  
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Despite all these shortcomings, it offers a better quality of 
product-user interaction through a simple user interface. In 
other words, the product enables the user experience series of 
simple and familiar activities to perform a technical task. 
 
Figure 29. Final Product (Case B) 
 
 
Figure 30. Final Product - Front View (Case B) 
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 Figures 28 & 29 above illustrate the final product designed 
through traditional methodology. Overall characteristics of this 
design include: conservative aesthetic elements, minimal and 
simplified design, average product-user interaction, less 
attention to ergonomics and many more. 
 
CHAPTER CONCLUTION 
 
This chapter served to introduce and explain the 
methodologies used in this study. It provided a detailed 
description for the case study with the key objective of 
comparing the proposed design methodology with the traditional 
one. Parameters brought up in this chapter are used in the 
comparative analysis chapter to analyze the impacts of DMF. 
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Chapter 5 
COMPARATIVE ANALYSIS 
 
OVERVIEW 
 
In this chapter, results of the case studies are analyzed 
and compared to the theory discussed in chapter three. Four 
differing factors were considered to compare the results of the 
case studies, namely: time, edit-ability, redundancy, design 
steps, overall creativity and detail creativity. 
Finally, a comprehensive chart is developed to provide a 
better understanding of the impacts of the new digital fabrication 
oriented design compared to the traditional product design 
methodology. 
 
CLARIFICATIONS 
 
The case study and data analyzed in this chapter is to 
answer the question: Whether or not digital, tangible modeling 
can reduce component complexity phenomenon in product 
design process and how. It is, however, outside the scope of this 
study to validate all parameters of the theory. Human factors 
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complexity appears to be an instance for component complexity, 
which is addressed in the case study and analysis. 
 
ANALYSIS METHODOLOGY     
 
Methods used for this analysis includes both qualitative 
and quantitative methodologies. 
In analyzing and comparing the two cases presented in the 
previous chapter, it is important to understand that identical 
steps in the design methodology used in each project might 
result in a different outcome. Thus, the emphasis and the weight 
of activities within each phase of the projects might also have 
significant impact on the outcome. 
That said, each phase of the projects is analyzed and 
compared using the same matrix driven by the theory chapter.  
 
RESEARCH AND EVALUATION 
 
Decision-making and evaluation are critical points in a 
user-centered design process. In a successful project, designer 
evaluates achievements and innovation according to the 
parameters learned in the research phase to ensure a reliable 
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outcome. Thus, an evaluation effectiveness analysis could be a 
beneficial study on both methodologies to understand the impact 
of each methodology on the final outcome of each case. Both 
cases were compared based on two parameters: accuracy and 
reliability of evaluation. To better analyze the effectiveness of 
the evaluations and to have a comprehensive comparison, a 
biaxial diagram were used to map the outcome of the evaluation 
carefully based on both above parameters. As featured in figure 
30, case “A” appears to be more successful in the evaluation 
phase and case “B” produces unreliable results but at the same 
time, stands in a neutral position from the accuracy stand point.  
This interpretation is mainly based on three levels of 
revisions that occurred in case “B” (Primary ideation, Study 
model and Final product). The limited time allotted to each 
activity compared to what was needed, could be assumed as one 
possible cause for this extreme difference. Higher precision of 
digital fabricated sketches, on the other hand, seems to have a 
significant impact on reliability and accuracy of decision-making. 
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Figure 31. Evaluation and Research Comparison 
 
 
Variety of research methods were employed in both cases 
to obtain the user’s feedback to validate preliminary and 
processed solutions over the design process. To characterize the 
contribution and effectiveness of design research in this case 
study, a biaxial map with four zones was developed (figure 30). 
These zones include structured, unstructured, hypothetical and 
realistic, which address two differing aspects of the research: the 
research design and the research outcome. Once again, case “A” 
appears to be more successful in this area. The research is more 
structured, which generally results in a shorter research 
timeframe. Simultaneously, results are more realistic. Increased 
level of tangible features has definitely had a positive influence 
on obtaining more realistic outcome with minimum effort. This 
could be considered a positive contribution of DMF methodology, 
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which has gone beyond the theoretical expectations of this 
study. In both diagrams, the gray areas represent an average 
assumed for ID projects. 
 
TIMING 
 
 
Although both cases look at the same design problem, the 
different design methodologies used in these two cases have 
made a significant difference in the actual timing of the two 
projects. Based on the actual recordings, “Case A” shows fewer 
time consumed for all phases, which were different from project 
B. Common activities, however, takes nearly identical time for 
both designers even though some tasks have been implemented 
individually. Despite the qualitative effect of the new design 
methodology, the case study features a considerable shorter 
overall timeframe for the project “A, compared to project “B”. 
Based on Figure 31 below, the effective overall time spent on 
project “A” is 86 days, while for project “B” it is 119 days. In 
order to better generalize this result, we need to look in-depth to 
single tasks in both projects and develop a qualitative 
interpretation.  
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Figure 32. Timing Comparison 
 
COMPLEXITY ANALYSIS AND REVERSE IMPACT 
 
Complexity analysis in this case study can be implemented 
using several parameters compared against the level of 
component complexity. These parameters must be extracted 
from each case and may not be valid in a similar case study.  
The most significant result of the component complexity in 
this case study appears to be an overall tendency for 
simplification in TM as complexity increases. A close comparison 
of the final products features dramatically different results. The 
reaction of the designer in case "B" is to simplify the component 
to overcome the complexity while in case "A"; there is a 
harmonic increase in the overall complication as component 
complexity increases over the design process. Use of primary 
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geometric shapes in case "B" in contrast to complicated 
functioning shapes in case "A" is a consequence of this undesired 
simplification approach in case "B". 
 
 
Figure 33. Complexity to Complication Ratio 
 
3-D VERSES 2-D 
 
 
Traditional design methodology suggests the use of 2-D 
sketching in the very first steps of the project and translates the 
finalized 2-D concept into 3-D for presentation and fabrication 
purposes. Based on implications of complexity theory, this 
approach slows down the emergence phenomenon only when 
complexity of components is inevitable. The case study results 
confirm this theory. Due to better and more accurate concept 
communication in case of 3-D rapid prototyped sketches, 
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imagination limitations would not block the emergence. This 
eventually leads to a 3-D to 2-D methodology.  
In other words, activities in DMF methodology become 
very similar to those of a redesign project. This is considered a 
great advantage of DMF over TM as changing things is usually 
easier than creating them. 
 
DISCUSSION 
 
3-D modeling is the common part of both methodologies. 
However, project “B” surprisingly shows more time consumed. In 
fact, not only traditional sketching phases have added to project 
B, but the 3-D modeling time has also increased. Imagination 
appears to be a factor for better timing in project A, as 
imagining a complicated shape would definitely be more time 
consuming. Moreover, translating a 2-D design into 3D could be 
another factor. 
Based on what was discussed in the theory section, both 
projects could fall into the complex category. In these cases, 
determination of the relationships between components appears 
to be useless on paper where more possibilities can be explored 
in the 3-D environment. 
  72 
The following chart is made to compare key features of the 
two methodologies (Table 3). 
 
Table 3. Comparison of DMF and TM Methodologies 
 
 
DMF (Digital Modeling 
Fabrication) – Case 
“A” 
Traditional Methodology – 
Case “B” 
Creativity Emergence Inspirational creativity 
Evaluation 
Participatory research 
assessment 
Estimation for assessment 
Feasibility Feasible Conceptual 
Ideation 3-D Tangible 2-D Virtual 
Development 2-D Virtual 3-D Virtual 
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Chapter 6 
CONCLUSION 
 
Digital fabrication in form of subtractive modeling is 
considered one of the first fundamental revolutions in the design 
process. Subtractive fabrication (publically known as CNC 
methods), however, extensively affected the back-end of this 
process. CNC methods facilitated the way products were being 
mass-produced or pre-produced. That said, making final 
prototypes of a product was considered the most important use 
of this technology in the product design process. The invention 
of rapid prototyping (RP) primarily offered minimal contribution 
to the efficiency of the product design process. It improved and 
complemented many shortcomings of CNC machining, such as 
angle limitation in subtractive methods that produces no further 
use than those of CNC machines, which was assumed for RP.  
Introduction of desktop fabrication and personalized 
fabrication concepts gradually provided design professionals with 
capabilities that revolutionized the design profession.  
Considering the concept of learning through doing, this 
study proposed a new product design methodology entitled 
“Digital Modeling Fabrication” (DMF). This methodology ensures 
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an extensive use of rapid prototyping as a tool to generate 
breakthrough ideas in a timely manner. Through the case study, 
It was learned that the DMF methodology, while more time 
efficient than traditional methods, can serve as an advantageous 
tool for the design and the research phases of project.  In 
analyzing the data obtained from the case study and applying 
the principals of the complexity theory simultaneously, it 
becomes apparent that the new methodology could be more 
advantageous when the project is faced with a complexity in one 
or more components. As an instance for the concept of 
complexity of components, the case study demonstrates in 
applying the DMF methodology to a project with human factors 
priorities, more reliable outcomes and more effective solutions 
are accessible. Moreover, it could increase the time efficiency in 
such topics as well. 
Diagram below (figure 33) is created to visually 
conceptualize the relationship between the increase of 
redundancy to complexity and overall efficiency of each 
methodology based on the results of the case study analysis.  
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Figure 34. DFM and TM efficiency compared to redundancy 
 
 
It is important to have a deep understanding of the actual 
dimensions of a project before deciding to use DMF.  
 
CONTRIBUTION TO BODY OF KNOWLEDGE: 
 
What was learned through is study is important because 
current research has not fully addressed the effects of the DMF 
process on the efficiency of a design project. While Sass and 
Oxman (2006) bring up a concept similar to DMF, they have not 
evaluated the impacts of the theory on design of a methodology. 
Based on current findings and those of Sass and Oxman 
(2006), DMF could serve as a powerful methodology when a 
reliable creative design solution is desired for a design complex. 
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The study illustrates that DMF cannot be considered an effective 
methodology for circumstances of simplicity.  
Furthermore, this study proposed parameters in the form 
of a theoretical framework to better understand the appropriate 
circumstances in which DMF acts as an effective methodology.  
 
FURTHER APPLICATION OF THIS STUDY 
 
Throughout this study, attention has been paid to the 
theoretical framework of digital fabrication oriented design 
methodology. This insight can also be applied to integrated high-
tech hardware. A desktop fabricator, a digital sketching tablet, 
and a haptic modeling interface for any intermediate 
development appears to be the primary required elements for 
making this tool. It can then be enhanced by adding appropriate 
interactive interface for evaluation and management. This, 
however, needs further research and investigation in the 
domains of process, technology and management.  
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FINAL WORDS 
 
Results of this study support Sass and Oxman (2006), who 
stated that digital fabrication oriented design improves the 
current status of design situated between conceptual design and 
real world manufacturing. DMF not only facilitates design 
activities but also validates the creative process of designing 
products as it bridges creative design activities with engineering. 
Thus, DMF can serve as one of the future tools of both research 
and design. While this study should not be considered an ends-
all for methodology design in industrial design, it can be an 
important step as every advancement in this area brings us 
closer to a design methodology that meets the expectation of the 
21st century. 
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